Euler equation estimation of intertemporal consumption models imposes heavy demands on data and identifiability conditions. For example, one typically needs panel data on consumption, assumptions on expectations, and a parameterization of preferences. We aim at reducing some of these requirements, by using additional information on respondents' preferences and expectations. The results suggest that individually measured welfare functions and expectations have predictive power for the variation in consumption across households. Furthermore, estimates of the intertemporal elasticity of substitution based on the estimated welfare functions are plausible and of a similar order of magnitude as other estimates found in the literature.
Introduction
Modern empirical studies of intertemporal allocation of consumption usually rely on Euler equations. For the estimation of such models, one typically needs panel data on consumption, assumptions on how respondents form their expectations, and a parameterization of preferences (see, for example, Hall 1978 , Browning and Lusardi 1996 , Carroll 2001 , Attanasio and Low 2004 . In this paper, we aim at reducing some of these estimation requirements by using subjective data on income expectations and data on the income levels respondents say they need to attain a given satisfaction level. The latter are taken as points on a contemporaneous utility function of consumption. We investigate if directly measured utility functions and expectations have explanatory power for consumption and savings behavior. An affirmative answer is useful because it implies that preference distributions are easy to estimate, in principle requiring cross section data only and avoiding the need to make arbitrary assumptions about expectations.
Thus, in contrast to the conventional approach, both utility functions and expectations are measured directly by asking questions to respondents. By combining the information thus obtained with data on consumption (computed from income and saving), we are able to test if these directly measured utility functions and expectations have explanatory power for consumption behavior. Economists have long been skeptical of the use of subjective responses in questionnaires that do not refer to objective phenomena, and to which extent such responses help to explain behavior is an open question. We investigate whether these models can be used to explain consumption and to analyze the sensitivity of saving and consumption to the interest rate (i.e., the intertemporal rate of substitution).
As a specification of preferences, we adopt the individual welfare function, a concept introduced by Van Praag (1968) and operationalized in numerous papers since, including Van Praag (1971) , Van Praag and Kapteyn (1973) , Kapteyn and Wansbeek (1985) , Groot et al. (2004) , and Van Praag and Ferrer-i-Carbonell (2004) .
In particular, we will use the individual welfare function of income (henceforth WFI), which in our dynamic framework is interpreted as a welfare function of consumption.
In a static context, the WFI represents the satisfaction an individual attaches to a certain income (or consumption) level, measured on a continuous scale from 0 to 1. In Section 3, we will describe in some detail how the WFI is constructed from answers to a set of relatively straightforward questions.
An Euler equation relates the marginal utility of current consumption to the expected marginal consumption of the next period (which, in this paper, is next year).
Thus, writing down an Euler equation for intertemporal allocation of consumption does not only require knowledge of the utility function but also of expectations.
Therefore, we do not only elicit the individual utility function of consumption directly, but we also use direct information on expectations, following the approach pioneered by Dominitz and Manski (1997) . We use data from the Dutch DNB household panel survey, which has the unique feature that it includes questions on both expectations of future income and incomes needed to attain given satisfaction levels, thus enabling us to directly measure both individual expectations and preferences.
Different assumptions can be made regarding the evolution of preferences over time. More precisely, in solving the intertemporal consumption problem, a consumer has to make assumptions about his or her future preferences. A "myopic" consumer may assume that tomorrow's preferences are the same as today's. A (super) rational consumer, on the other hand, may be able to predict tomorrow's preferences perfectly.
Our results suggest that the individually measured welfare functions and expectations have predictive power for the cross-section variation in consumption.
We consider several models and find that a model assuming that consumers are myopic fits the data better than a model assuming forward-looking behavior with subjective expectations. Estimates of the intertemporal elasticity of substitution based on the estimated welfare functions are of a similar order of magnitude as those found in the literature.
The remainder of the paper is structured as follows. In the next section, we describe the panel data used in this paper. In Section 3, the welfare function of income (or consumption) and its measurement are described, and in Section 4, we explain how we measure expectations. In Section 5, the Euler equations are derived under the assumptions that intratemporal utility can be described by a lognormal welfare function and the subjective distribution of future consumption follows a lognormal distribution. The empirical strategy is explained in Section 6. We discuss the empirical results in Section 7, where we also compare implied intertemporal elasticities of substitution to existing findings in the literature. Section 8 concludes.
Data
The DNB Household Survey (DHS), formerly known as the CentER Savings Survey, is a Dutch panel survey that started in 1993. The survey is conducted by CentERdata and administered over the Internet. If a potential participant has no Internet access, he or she is provided with access through a so-called set top box (also called Web TV or Internet Player) that connects to the Internet via the telephone and a television set.
The survey consists of six modules and asks a variety of questions about demographics, health, income, assets, and economic and psychological concepts. For our research, data up to and including the year 2005 were available.
Since the income expectation questions were not asked in 1993 and 1994, we only use data for the years 1995-2005, giving a total of 12,162 observations for 5,214
respondents. See Appendix A for the sample selection (Table A .1) and the number of observations by survey year (Table A. 2). We use the unbalanced sample so the number of observations changes across waves, due to both attrition and refreshment.
The consumption measure used in this paper was constructed as the difference between (self-reported) income and savings. For savings, we used the answers to two questions. If the first question, "Did you put any money aside in the past 12 months?" was answered affirmatively, the respondent was asked a second question: "About how much money has your household put aside in the past 12 months?" The respondent was asked to choose one of seven different brackets, which differed across some of the waves. From these answers and the self-reported (net) income, we constructed lower and upper limits on consumption. Note that, depending on the answers, one of the two limits might be missing. For instance, if a respondent reports that no money was put aside during the last twelve months, this means that savings can have been zero or negative and hence consumption must have been at least equal to income. Table 1 gives some summary statistics for the first year of data in our sample. it, a welfare function), one needs to assign numerical values between zero and one to the verbal labels "very bad", "bad", "insufficient", "sufficient", "good", and "very good". Based on an information maximization argument, Van Praag (1971) proposes to assign numerical values such that each label represents an equal part of the [0,1]-interval (also see Kapteyn and Wansbeek, 1985 , for a detailed explanation). In the formulation used here, this means that "very bad" is assigned the value 1/12, "bad" 3/12, "insufficient" 5/12, "sufficient" 7/12, "good" 9/12, and "very good" 11/12.
The IEQ asks for income levels providing a certain welfare level, and the underlying theory in, e.g., Van Praag (1971) is static. In the standard life-cycle model, utility in a given period depends on consumption in that period. In the intertemporal context of saving and consumption decisions, it therefore seems natural to interpret the (static) welfare function of income as a welfare function of within period consumption. The interpretation of the IEQ is then that respondents' answers reflect the consumption levels that would yield a certain amount of within period utility, assuming that the question refers to a situation without (positive or negative) savings, so that the reported income amounts are actually amounts of total consumption expenditure. From now on, we will interpret the WFI in that way, i.e. as representing the utility of consumption in period t. Denote this consumption in period t by t x .
Using the isomorphism with probability theory and invoking a Central Limit income, in line with the notion that, on average, Dutch people are rather satisfied with their actual income. Table A .3 in the appendix shows how median actual and required incomes (in 2000 prices) evolve over time. Required incomes follow the same pattern as actual incomes -falling in the first few years and then stabilizing. Of course, this may also reflect changes in sample composition, and not necessarily imply similar changes for average individual households. The pattern of the average value of t is similar since this is just a summary measure of the six required income levels. On the other hand, the median value of t first increases towards the middle of the sample period and then falls, showing that the dispersion in income levels needed to attain low and high utility levels first rise and then fall. 
Measurement of Expectations
Most surveys soliciting subjective expectations about future outcomes ask for point estimates. Since future outcomes are intrinsically uncertain, a single point estimate provides incomplete information -it says nothing about the dispersion of the respondent's subjective distribution of the future outcome. Moreover, it is not clear which point estimate respondents give in answer to any such question; this could be, for example, the mode, the median, or the mean (cf., e.g., Manski, 2004) . This problem can be overcome if information is solicited about the subjective probability distribution of the future outcome considered. Dominitz and Manski developed an approach in which respondents first give upper-and lower bounds on their future outcomes, and are then asked for the probabilities that outcomes lie in specific intervals which are subsets of the interval between the upper and lower bound. They applied this methodology to income expectations in the Survey of Economic Expectations (SEE); see, for example, Dominitz and Manski (1997 The wording of the questions was the same in most waves, except that in 1995 and 1996 monthly amounts were asked. We converted these into annual amounts.
Follow up questions were asked about subjective probabilities that income lies within certain intervals. Many respondents did not answer some of these probability questions, even when they did provide the lowest and highest income asked for in the question. We will therefore use two approaches in this study. The first (which we will call: DM, after Dominitz-Manski) only uses the observations with the responses to at least two of the probability questions. In the second approach (to be called LH, for "Low-High") we use a larger data set and only exploit the maximum and minimum incomes provided. The subjective income distributions are imputed by linearly interpolating probabilities between the maximum and minimum, where the probability that income is below the lowest income is set to zero and the probability that the income is below the maximum is set equal to one.
For both procedures we take the observed or imputed probabilities as approximations to a lognormal distribution function. Thus, for each respondent, the lognormal distribution that gives the best fit to the observed or imputed probabilities is determined using non-linear least squares on the six points. For each respondent, this gives estimates of the log median and the log standard deviation of their subjective distribution (the two parameters of the lognormal distribution). Table 3 shows the summary statistics for actual income, the range of possible future incomes (the lowest and highest possible amounts), and the estimated respondent-specific parameters of the lognormal distribution for 1995 for both approaches. The mean of the lowest possible future net incomes is significantly lower than the mean actual income. Similarly, the mean of the highest possible future net incomes is significantly higher than the mean actual income. The average range between highest and lowest possible amount is about €5,400 for the LH dataset and €5,900 for the DM sub-sample. There is substantial variation here, however. For example, for 12.7% of the LH sample and 20.7% of the DM sample, minimum and maximum amount are identical, indicating no subjective uncertainty in future income.
In general, the log standard deviations of the subjective income distributions are quite low, with a median of 0.036 for the LH sample and 0.040 for the DM sample. Table A .3 in the appendix shows how median and dispersion vary over time.
The median of the subjective income distribution first falls over time and then remains rather stable. On the other hand, the median standard deviation of the subjective log income distributions increases after 1998, suggesting that respondents' uncertainty increases. 
Models of intertemporal consumption
Consider the following standard intertemporal utility maximization problem of a consumer at time t: 
The first order conditions of consumption smoothing are:
To be able to characterize the solution to the first order conditions, we make assumptions about the distribution of the random variables that determine the expectation on the right hand side of (3). We will assume that this leads to a distribution of 
Here we have defined 1 1 r .
In order to use (4) as the basis for the empirical work, we need to replace the individual specific parameters by estimates. The parameters of the utility function in period t will always be estimated using t and t obtained in Section 3. For the future utility function in period t+1, we will use the estimates 
The other choice we have to make is what to do with the parameters of the respondent's subjective future consumption distribution used in making the consumption decision, and 1 t m 1 t s . In Models 1 and 2, we will replace these by their estimates discussed in Section 4. Thus we interpret the subjective future income distribution as a distribution of future consumption. Clearly, this cannot be exactly right, since after all the whole idea of intertemporal consumption smoothing is to break the contemporaneous link between income and consumption. However, we would expect the future income distribution and future consumption distribution to be related, so that the future income distribution can be seen as a proxy for the future consumption distribution.
An alternative is based upon the theory of preference formation introduced by Kapteyn (1977) . This theory states that the respondent's utility of consumption is purely driven by the rank in the consumption distribution in that period. Under this assumption, direct information on future consumption distributions is not needed, and the future consumption distribution is given by the future utility function: 
In the empirical analysis, we will estimate all three non-nested models and test them against each other.
Empirical Strategy
Each of the empirical approaches sketched below will be repeated for the two data sets mentioned above, i.e. the dataset that only uses the lowest and highest incomes in the Dominitz-Manski questions (LH) and the subset that also uses information on subjective probabilities of incomes in between the lowest and highest reported incomes (DM). We estimated the models (4) - (6) for a range of values for 1 1 r .
Since saving is measured in brackets (see Section 2), we use interval regression to estimate the models. Furthermore, as we are using a panel, we account for the fact that individuals may be in the data more than once by using a random effects specification. As described above, we will denote the three different specifications as Models 1 through 3. To be precise:
The model using (4) with direct estimates of 1 t will be called Model 3.
An unusual feature of these models is that they contain only one unknown parameter: . There are different ways to investigate the plausibility of the different specifications. The first approach is to write the models in the form: (7) is linear. Thus, we perform a grid search over values of and estimate (7) conditional on each value of . We pick the value of that gives the best likelihood value.
In a second approach, we compare the performance of the three different specifications by conducting several non-nested tests. The basic idea of the tests can be summarized by the following simple model: 
Applying this to (7), and using superscripts to denote Models 1 and 2, we obtain :   2  2 2  2  2  2  1  2  3   1  2  1  2  2  1  1  1  2  2  2  1  1  2  2  3  3 ln
where denotes the arguments of the square root in the various models.
If we assume that the ( ), 1,2,
s are equal to their theoretical values, then we obtain the following simplification:
We will perform the tests both with the s set equal to their theoretical values and with estimated s. The estimates for the coefficient 1 on t have the signs predicted by theory and for all three models (and both datasets), the coefficient of t is very close to the theoretical value of 1. The coefficient of 2 t , which should be equal to -1 according to the theory, is positive for Model 1, and always negative for Models 2 and 3.
Empirical Results
Similarly, the coefficients for the square root terms, which should be equal to 1, tend to deviate from their theoretical values towards zero, but are closest to 1 for Models 2 and 3. In summary, Models 2 and 3 produce estimates that are closer to the theoretical predictions than Model 1. Model 3 performs better than Model 2 concerning the coefficient on . Comparing across the two datasets, the differences are generally fairly small, with model 3 showing the largest variation across the two datasets. This is somewhat surprising, since Model 3 does not use the subjective income expectations at all, so that the only difference between the data sets here is the sample selection. The large differences suggest that dropping those who do not give complete answers to the Dominitz-Manski questions leads to a selection bias. If we 2 As noted, we have estimated by means of a grid search. The standard errors presented in the table are therefore conditional on the value of listed at the top of each column. A confidence interval for can be obtained in a straightforward way, by recognizing that a likelihood ratio test can be used to test any value of . If we apply this approach to model 2 for instance, we find that for the LH sample, would still be in a 95% two-sided confidence interval. For the DM sample would still be in the 95% confidence interval.
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. Model 3, but a choice between Models 2 and 3 cannot be made. Table 4 leads to the conclusion that Model 3 is better, Table 5 seems to imply that Model 2 is (somewhat)
better.
The results raise the question why the parameter estimates deviate from their theoretical values. The obvious explanation is measurement error. It is known that the measurement of is not very precise (Kapteyn, 1977) , and hence, both the terms suffer from measurement error, which will tend to bias their associated coefficients downwards.
Finally, we will compare the implications of our estimates with results found in the literature. An important parameter of interest in intertemporal models of consumption smoothing is the intertemporal elasticity of substitution (IES); see, e.g., Hall (1988) or Kapteyn and Teppa (2003) . The IES for the lognormal utility function is equal to:
We calculate the IES based on Models 2 and 3, using predicted consumption and adding two random draws from a normal distribution to account for the random effect and the estimation error term. Table 6 Hall (1988) , using several different data sets from the US and different estimators, estimated values of the IES for aggregate consumption close to zero. Barsky et al. (1997) report average lower and upper bounds on the absolute value of the IES of 0.007 and 0.36. Yogo (2004) estimates the IES for eleven developed countries using different specifications and finds that in all cases the IES is closer to zero than to one. His estimates of the IES for the Netherlands lie between -0.25 and 0.24. 6 Kapteyn and Teppa, using an approach similar to that of Barsky et al. (1997) , find an IES of about 0.5. 
Concluding Remarks
Empirical Models of intertemporal allocation of consumption usually rely heavily on Euler equations. Estimating such models has large data and identification requirements. In this paper, we aim at reducing some of these estimation and identification requirements by exploiting subjective data. Specifically, we investigate It seems clear that various improvements in the empirical implementation are possible. In particular, the measurement of expectations has been rather crude. Our empirical work was, furthermore, hampered by the fact that saving was measured in brackets, rather than continuously. Continuous measurement would have made the analysis simpler and more powerful.
Having said that, the current results appear sufficiently promising to further pursue this line of research. Both the measurement of expectations and of welfare functions is in principle quite straightforward and should therefore simplify empirical work that tries to improve our understanding of intertemporal decision-making in consumption.
Appendix A
This appendix explains the sample selection in more detail and shows some summary statistics for the working sample. First, a high number of observations (2,562) were dropped because of unusable answers to the income satisfaction questions. Of these, 302 observations were nonmonotonic, 1,006 had an implausibly low answer (< 11) to the question of which income the respondent would consider good or very good. The remaining observations (1,254) were dropped because the answers were missing or had coding errors without an obvious correction, or because the answers did not make sense given the wording of the questions (for example when respondents stated very low amounts which could be monthly amounts although the question asked about annual amounts, but a correction would have yielded amounts far outside actual incomes). To reduce the number of observations lost, we recoded obvious errors (such as the wrong number of zero digits). Of the final 12,162 observations used, 665 had some or all of the answers recoded. We also corrected the lowest and/ or highest expected income in 2,779 cases. The vast majority of these cases seemed to have confused monthly and annual amounts because of misleading wording.
In addition, 3,568 observations were dropped because both the lower and upper limits of savings were missing as a result of the nonresponse to the question whether the respondent has put any money aside in the past 12 months. Of these, 257
did not answer this question because the respective part of the questionnaire was only asked of household heads and their partners. All of the other respondents (with the exception of 7) did not answer the first or the subsequent question of the questionnaire. 28,479 28,206 27,885 24,638 24,826 22,939 23,924 23,190 25,453 24,149 23,402 25,237 Standard deviation of subjective distribution in next year 
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